This study aims to analyze the effects of plant growth regulator on the chlorophyll fluorescence characteristics and yield of spring maize under different planting densities in Northeast China. 'Dongnong 253' was used as the material in this experiment and was planted at the densities of 5, 6, 7 and 8 plants m -2 . The plants were sprayed at the jointing stage with the "Yuhuangjin" plant growth regulator. The results showed that increasing the planting density effectively increased the production of the maize populations, while it led to a decrease in the chlorophyll content, angle between the stem and leaf (ABSL) in the ear leaf, single plant dry weight and photosynthetic efficiency, as well as increases in the plant height, ear height and lodging risk. The application of "Yuhuangjin" decreased the plant height and ear height and increased the dry matter accumulation per plant and lodging resistance, increased the ABSL in the ear leaf, reduced the degree of overshadowing in the prophase, extended the duration of high leaf area index (LAI), delayed the senescence process of the leaf and improved the canopy aeration and transmittance capability. The application of "Yuhuangjin" improved the photosynthetic capacities and maintained higher stable photosynthesis by significantly improving the chlorophyll fluorescence parameters, such as Fv/Fm, Y(II), and qP and decreasing Y(NO) and qN. This study showed that the highest yield was 11428.18 kg ha -1 after the "Yuhuangjin" treatment at the planting density of 7 plants m -2 . This experiment provided theoretical and experimental evidence for the effect of increased production from the use of plant growth regulator and high-density planting cultivation on spring maize in Northeast China.
Introduction
Maize (Zea mays L.) plays an important role in ensuring world food security (Dong et al., 2013; Li et al., 2017) . Increasing planting density is important to increase maize yields. The demand for maize is increasing with the rapidly increasing demands for food, livestock feed and bio-fuel at the global scale. Previous researchers have conducted extensive work in improving maize yield potentials and increasing yields per unit area (Diallo et al., 2015; Li et al., 2016; Biswas and Ma, 2017; Ren et al., 2017a) . Previous studies have shown that increasing population density is an important method to achieve high yields (Rutger and Crowder, 1967; Roy et al., 2014) . The analysis of 37 super-high-yield fields between 2006 and 2007 showed that the yields reached 15000 kg ha -1 in the high yield field, the densities were in the range of 79725~84630 ears ha -1 (Chen et al., 2008) . However, the current density of maize in the United States is generally 8 plants m -2 or higher. Dense planting is the main measure used to improve maize yields (Zhao et al., 2006; Benari and Makowski, 2016) . The structure of the canopy group becomes poor with the increase in planting density, and increased density can cause the plants to shade each other. Increasing the planting density will also increase the competition for light, water and nutrients between plants ( Kang et al., 2011; Farhad and Mehdi, 2015; Ren et al., 2017b) . With the planting density increases, the individual plants in the group will shade each other, which will deteriorate the permeability of the canopy, decrease the photosynthetic performance, increase the plant height and increase the risk of lodging (Li et al., 2007; Sangakkara et al., 2012) .
The maize in the area of Northeast China experiences low temperatures and rainy environments, which enable the root system to resist falling. Plant growth regulator is a synthetic substance that has the function of plant hormones (Yan et al., 2009 ). Plant growth regulator can effectively regulate the growth and development of plants and can effectively regulate the structural characteristics of the canopy. It is easy for the root system to fall in the later stages of growth and development, and this will cause many production cuts (Liao et al., 2014) . Plant growth regulator technology can lower the height and ear height of maize plants (Meng et al., 2016) . Plant growth regulators can enhance the anti-lodging ability, improve the chlorophyll content in leaves and prolong the duration of high leaf area index (LAI) values (Cheng and Liu, 2017) . Plant growth regulator can truncate the elongation of internode cells, lower the center of the maize plant, increase the roughness of the stalks, improve the anti-lodging capacity (Fan et al., 2017) , improve the leaf photosynthetic characteristics, photosynthetic efficiency and the rational distribution of assimilation products (Zhang et al., 2014) . Moreover, plant growth regulator can also promote the absorption of the maize root system, promote the delivery of root secretions to the ground and promote the formation of grain yields (Cicchino et al., 2013) .
Photosynthesis is the basis of plant growth and development (Inamoto et al., 2015) . The photosynthetic rate is an important index that can reflect the photosynthetic capacity of a plant. The process of photosynthesis is composed of a series of complex photophysical and photochemical processes. During these processes, part of the light energy losses is released in the form of fluorescence. Chlorophyll fluorescence is closely related to photosynthesis (Hwang and Choo, 2016; Zhang et al., 2017) .
"Yuhuangjin" plays an important role in the increase of maize planting in China. The plant growth regulator "Yuhuangjin" was provided by Fujian Haolun Biology Engineering Technology Co. Ltd, China. Its total effective component contents are the mixture of 3% diethyl aminoethyl hexanoate and 27% ethephon. Maize in Heilongjiang Province faces problems related to how both production and anti-lodging capacity can be synergistically increased. Previous researchers have conducted extensive work on the application of "Yuhuangjin", and it plays an important role in the mining potential of planting. In this experiment, we combined dense planting and plant growth regulator to study the photosynthetic characteristics of maize and the effects on yield. The results also provided an experimental basis for the reasonable application of "Yuhuangjin" in China.
Materials and methods

Experimental materials and treatments
The present experiment was carried out from 2013 to 2014 at the Xiang Fang experimental base, Northeast Agricultural University, Heilongjiang Province at 45°42′N latitude and 126°36′E longitude. The soil is a typical black soil (typic hapludoll in USDA soil taxonomy). The soil contained organic matter (25.25 g kg -1 ), total nitrogen (N) (1.70 g kg -1 ), available potassium (K) (179.35 mg kg -1 ), rapid available phosphorus (P) (65.34 mg kg -1 ), and alkali hydrolysable nitrogen (N) (118.21 mg kg -1 ). The climate in the region is temperate continental monsoon. The weather data from 2013 and 2014 are provided in Table 1 . Maize was hand-sown at 7 cm depth and 70 cm row distance on May 1 in 2013 and May 1 in 2014 in a plot size of 84 m 2 . The supply trial variety was 'Dongnong 253'. The tested planting densities were 5 plants m -2 , 6 plants m -2 , 7 plants m -2 and 8 plants m -2 . Using the same density of rope, 20 ml of "Yuhuangjin" was added to 30 kg of water. The solution was sprayed on six leaves and one bud, and water was used as a control. Diammonium phosphate (250 kg), urea (75 kg), and potassium sulfate (150 kg) were used as seed fertilizer, and nitrogen fertilizer was applied per hectare during the jointing stage.
Measurement of leaf area index (LAI)
The leaf area was measured using three randomly selected maize plants in each plot at the silking stage. The length and maximum width of each leaf were measured with a ruler. Leaf area index (LAI) = single plant leaf area × the number of plants per unit of land ÷ unit land area.
Measurement of chlorophyll content (SPAD)
The CCM-200+ (Beijing Aozuo Ecology Instrument Co, Ltd) chlorophyll meter was used to measure the relative chlorophyll content in leaves. In each treatment phase, three plants with uniform leaf ages were selected and marked. The determination time was between 8:30 and 10:00 am, and the ear-leaf content of each reproductive period was measured. The leaf tip, leaf center and leaf base of the leaves were determined, and the mean values were calculated as the determination value of the blade. The three measured values of each treatment were calculated, and the average value was taken as the SPAD value of the treatment. In the subsequent measurements, the marked plants were selected for measurement.
Measurement of net photosynthetic rate of leaves (Pn)
The net photosynthetic rate of the leaves was determined between 9:00 and 11:00 am, and a hand-held photosynthetic rate meter instrument CI-340 (Zealquest Scientific Technology Co., Ltd.) was used to measure the ear-leaf content. The mean value of the three measured values was used as the measured value for the treatment.
Measurement of chlorophyll fluorescence parameters
The middle of the selected plant was measured to determine the chlorophyll fluorescence parameters, and the measurement was collected between 8:30 and 10:00 am. First, a leaf clip was used to hold the middle of the ear leaf, and the ear leaf was kept in the dark treatment for 20 minutes; then, the leaf clip operation steps were followed. The mean value of the three measurements was taken as the measured value. The PSII maximum quantum yield (Fv/Fm), actual quantum yield (Y(Ⅱ)), nonregulating performance dissipation quantum yield (Y(NO)), non-photochemical quenching parameters (qN), and photochemical quenching parameters (qP) were calculated. The measurement instrument was a portable modulated chlorophyll fluorometer (PAM-2500) (KANGGAOTE Science and Technology Co., Ltd).
Measurement of biomass and yield
To determine the biomass and yield, two consecutive four-meter lengths were selected for each process. The rows per ear, number of ear, kernels row, number of row and hundred grain weight were calculated. After harvest, 20 ears were selected to calculate the kernels row, number of row, hundred grain weight, and the theoretical yield. The biomass was determined by the drying method, and the stalks and grains were dried separately. Each process was repeated three times, and the results were averaged.
Statistical analyses
According to the analysis of variance principles, data were statistically analyzed following standard statistical methods using Microsoft Excel 2010 and SPSS 12.0. Differences between treatments were determined by a posteriori Tukey's test at a significance level of 0.05.
Results
Effects of plant growth regulator on leaf area index of spring maize in different planting densities
During the reproductive process, the LAI first showed an increasing then a decreasing trend in both treatments ( Table 2 ). The LAI peaks appeared around the time of silking, and the LAI also increased with the increase in planting density. In the "Yuhuangjin" treatment, the peak LAI values were 0.89% (5 plants m -2 ), 3.95% (6 plants m -2 ), 1.23% (7 plants m -2 ) and 8.74% (8 plants m -2 ) lower than the peak LAI values in the water treatment. From the silking stage to the dough stage, the LAI values were 3.75% (5 plants m -2 ), 6.47% (6 plants m -2 ), 7.14% (7 plants m -2 ) and 14.60% (8 plants m -2 ) lower than the peak values in the water treatment.
Effects of plant growth regulator on chlorophyll SPAD in the leaves of northeast spring maize under different planting densities
From the silking stage to the dough stage, the chlorophyll SPAD value decreased in the two treatments ( Table 3 ). In the water treatment, the SPAD value decreased in every growth period with the increase in density. From the silking stage to the dough stage, the SPAD value declined by 16.72% (5 plants m -2 ), 23.52% (6 plants m -2 ), 25.01% (7 plants m -2 ) and 25.73% (8 plants m -2 ). The values represent the mean ± SE (n=7). The values with the same letters in the columns are not significantly different at P < 0.05 In the "Yuhuangjin" treatment, the SPAD value was higher than that in the water treatment in every growth period. The SPAD value in the "Yuhuangjin" treatment was higher than that in the water treatment by 7.14% (5 plants m -2 ), 9.19% (6 plants m -2 ), 7.85% (7 plants m -2 ) and 8.77% (8 plants m -2 ) at the silking stage. From the silking stage to the dough stage, SPAD value declined by 18.52% (5 plants m -2 ), 16.54% (6 plants m -2 ), 12.30% (7 plants m -2 ) and 16.71% (8 plants m -2 ) in the "Yuhuangjin" treatment. Except for the 5 plants m -2 density, the "Yuhuangjin" treatment decreased the chlorophyll degradation rate at varying degrees in the later stages of procreation. http 
Effects of plant growth regulator on the net photosynthetic rate (Pn) of leaves of northeast spring maize under different planting densities
From the silking stage to the dough stage, the net photosynthetic rate of the leaves decreased gradually in both treatments ( Table 4 ). In the water treatment, the net photosynthetic rate was 43.29 μmol m -2 s -1 (5 plants m -2 ), 40.42 μmol m -2 s -1 (6 plants m -2 ), 38.79 μmol m -2 s -1 (7 plants m -2 ) and 37.59 μmol m -2 s -1 (8 plants m -2 ) at the silking stage. When the planting density increased, the net photosynthetic rate decreased. Compared to the 5 plants m -2 density, the net photosynthetic rate in the other densities reduced by 6.64% (6 plants m -2 ), 10.40% (7 plants m -2 ) and 13.17% (8 plants m -2 ) . At various densities, the net photosynthetic rate decreased by 46.23% (5 plants m -2 ), 44.47% (6 plants m -2 ), 44.72% (7 plants m -2 ) and 49.70% (8 plants m -2 ) from the silking stage to the dough stage. The net photosynthetic rate was higher in the "Yuhuangjin" treatment than in the water treatment in every growth period. The peak values were 46.81 μmol m -2 s -1 (5 plants m -2 ), 44.28 μmol m -2 s -1 (6 plants m -2 ), 42.65 μmol m -2 s -1 (7 plants m -2 ) and 40.00 μmol m -2 s -1 (8 plants m -2 ) at the silking stage. The net photosynthetic rates in the "Yuhuangjin" treatments were higher than those in the water treatment by 8.15% (5 plants m -2 ), 9.55% (6 plants m -2 ), 9.95% (7 plants m -2 ) and 6.39% (8 plants m -2 ) .
From the silking stage to the dough stage, the net photosynthetic rate declined by 43.42% (5 plants m -2 ), 42.90% (6 plants m -2 ), 43.29% (7 plants m -2 ) and 50.33% (8 plants m -2 ). The net photosynthetic rate in the "Yuhuangjin" treatment was higher than that in the water treatment by 13.79% (5 plants m -2 ), 12.64% (6 plants m -2 ), 12.80% (7 plants m -2 ) and 5.08% (8 plants m -2 ) at the dough stage.
Effects of plant growth regulator on chlorophyll fluorescence parameters of the leaves of northeast spring maize under different planting densities
From the silking stage to the dough stage, the PSII maximum quantum yield showed a declining trend in the two treatments ( Table 5 ). The Fv/Fm declined by 3.16% (5 plants m -2 ), 3.40% (6 plants m -2 ), 3.19% (7 plants m -2 ) and 3.41% (8 plants m -2 ) from the silking stage to the dough stage in the water treatment. The Fv/Fm declined by 3.07% (5 plants m -2 ), 3.28% (6 plants m -2 ), 2.65% (7 plants m -2 ) and 2.17% (8 plants m -2 ) from the silking stage to the dough stage in the "Yuhuangjin" treatment. Compared with the water treatment, the PSII maximum quantum yield in the "Yuhuangjin" treatment decreased by a small amount. At the same time, the "Yuhuangjin" treatment increased the PSII maximum quantum yield.
With the increase in density, the Y(II) of the two treatments showed a decreasing trend ( Table 6 ). From the silking stage to the dough stage, the Y(II) in the water treatment reduced by 7.04% (5 plants m -2 ), 47.64% (6 plants m -2 ), 47.40% (7 plants m -2 ) and 57.49% (8 plants m -2 ). The Y(II) in the "Yuhuangjin" treatment reduced by 42.44% (5 plants m -2 ), 45.44% (6 plants m -2 ), 46.38% (7 plants m -2 ) and 53.42% (8 plants m -2 ) from the silking stage to the dough stage. The "Yuhuangjin" treatment reduced the decrease in Y(II) in the later stages of procreation. Compared with the water treatment, the Y(II) in the "Yuhuangjin" treatment increased at varying degrees. In the silking stage, the Y(II) values in the "Yuhuangjin" treatment were 0.71% (5 plants m -2 ), 1.32% (6 plants m -2 ), 0.67% (7 plants m -2 ) and 3.80% (8 plants m -2 ) higher than those in the water treatment. In the dough stage, the Y(II) values in the "Yuhuangjin" treatment were 9.46% (5 plants m -2 ), 5.58% (6 plants m -2 ), 2.61% (7 plants m -2 ) and 13.73% (8 plants m -2 ) higher than those in the water treatment. With the progress of procreation, the two Y(NO) treatments generally showed upward trends ( Table 7 ). In the same growth period, the Y(NO) values of both treatments also increased with increasing density. Compared to the plant growth regulator treatment, the Y(NO) in the water treatment increased by 21.01% (5 plants m -2 ), 24.26% (6 plants m -2 ), 34.38% (7 plants m -2 ) and 41.60% (8 plants m -2 ) from the silking stage to dough stage. The "Yuhuangjin" treatment increased the Y(NO) by 19.63% (5 plants m -2 ), 18.78% (6 plants m -2 ), 21.03% (7 plants m -2 ) and 24.50% (8 plants m -2 ) from the silking stage to the dough stage. The "Yuhuangjin" treatment reduced the Y(NO) at varying degrees. In the silking stage, the water treatment reduced the Y(NO) by 1.07% (5 plants m -2 ), 4.16% (6 plants m -2 ), 4.32% (7 plants m -2 ) and 5.14% (8 plants m -2 ) compared to the "Yuhuangjin" treatment. In the dough stage, the water treatment reduced the Y(NO) by 2.20% (5 plants m -2 ), 8.39% (6 plants m -2 ), 13.83% (7 plants m -2 ) and 16.61% (8 plants m -2 ) compared to the "Yuhuangjin" treatment. With procreation, the qN values of the two treatments generally showed upward trends at the different densities ( Table 8) . From the silking stage to the dough stage, the qN value of the water treatment increased by 0.39% (5 plants m -2 ), 0.43% (6 plants m -2 ), 0.43% (7 plants m -2 ) and 0.44% (8 plants m -2 ) . The qN value of the "Yuhuangjin" treatment increased by 0.37% (5 plants m -2 ), 0.42% (6 plants m -2 ), 0.41% (7 plants m -2 ) and 0.44% (8 plants m -2 ) from the silking stage to the dough stage. The "Yuhuangjin" treatment reduced the increase of the qN value and enhanced the photosynthetic performance of the leaves. With the increase in densities, the qN values of the two treatments showed increasing trends. In terms of the plant growth regulator, the qN values of the blades declined under the "Yuhuangjin" treatment. In the dough stage, compared with the water treatment, the "Yuhuangjin" treatment resulted in low qN values of 6.83% (5 plants m -2 ), 3.20% (6 plants m -2 ), 6.75% (7 plants m -2 ) and 5.63% (8 plants m -2 ) .
With the increase in densities, the qP values of the two treatments gradually decreased after the silking stage ( Table 9 ). The water treatment reduced the qP values by 7.49% (5 plants m -2 ), 37.15% (6 plants m -2 ), 44.84% (7 plants m -2 ) and 57.25% (8 plants m -2 ) from the silking stage to the dough stage. The "Yuhuangjin" treatment reduced the qP values by 34.91% (5 plants m -2 ), 36.31% (6 plants m -2 ), 42.47% (7 plants m -2 ) and 53.83% (8 plants m -2 ) from the silking stage to the dough stage. Compared with the water treatment, the "Yuhuangjin" treatment exhibited varying degrees of improvement. In the silking stage, the maximum qP values were 2.05% (5 plants m -2 ), 3.60% (6 plants m -2 ), 4.56% (7 plants m -2 ) and 4.94% (8 plants m -2 ) higher than those in the water treatment.
Effects of plant growth regulator on yield of spring maize in different planting densities in northeast China
With the increase in densities, the water treatment first exhibited an increasing then decreasing trend in the yield ( Table 10 ). The highest yield was measured in the 7 plants m -2 density (12346.40 kg ha -1 ), which was 34.94%, 12.89% and 9.58% higher than the yields in the 5 plants m -2 , 6 plants m -2 and 8 plants m -2 densities, and these differences were significant. Compared with the water treatment, the production in the "Yuhuangjin" treatment increased, and the highest yield was measured in the 7 plants m -2 density (13290.95 kg ha -1 ), but this difference was not significant. Compared with the water treatment, the yields in the "Yuhuangjin" treatment increased by 6.14% (5 plants m -2 ), 0.48% (6 plants m -2 ), 7.65% (7 plants m -2 ) and 3.81% (8 plants m -2 ) . With the increase in density, rows per ear, kernels row and hundred-grain weight did not obviously change, and the differences were not significant. For the "Yuhuangjin" treatment, the differences between row and kernel numbers of the different densities were not significant, while the hundred-grain weight increased, but not significantly.
Discussion
The main factors of maize yields include effective ear number, spike number and grain weight per unit area. The effective ear number of the group is easiest to control and is one of the main ways to increase maize yields. With the increase in density, the yield first increased and then decreased, the ear rows and the line grain number decreased, and kilo-grain weight decreased (Gilberto et al., 2013; Li et al., 2014; Niyogi, 2017) . In this experiment, the changes in the yields at different densities in the two treatments are consistent with the results of previous studies. The maximum yields in both treatments occurred at the 7 plants m -2 density. The maximum yields were 10618.44 kg ha -1 (water treatment) and 11428.18 kg ha -1 ("Yuhuangjin" treatment). Compared with the water treatment, the "Yuhuangjin" treatment increased the yields by 0.24% (5 plants m -2 ), 0.49% (6 plants m -2 ), 7.63% (7 plants m -2 ) and 7.70% (8 plants m -2 ). The differences in the ear rows and the line grain number were not obvious. The experiment also showed that the "Yuhuangjin" treatment mainly increased the hundred-grain weight, which influenced the yield.
The formation of maize yield is a group production process and not simple individual accumulation. The production of a maize population is related to the LAI, canopy characteristics, photosynthetic productivity and assimilation products of the entire population (Khoshbakht et al., 2017) . During the growth period, the LAI exhibited a curve with a single peak, and the peak LAI was reached in the silking stage. With the increase in density, the maize yield mainly depends on the photosynthetic characteristics of the leaf groups, especially the photosynthetic capacity of the upper part and the duration of high light. In this experiment, the change in the LAI with density was consistent with the results obtained by Bian (Bian et al., 2011) and the spraying of "Yuhuangjin" reduced the LAI. The LAI values in the "Yuhuangjin" treatment were 0.89% (5 plants m -2 ), 3.95% (6 plants m -2 ), 1.23% (7 plants m -2 ) and 8.74% (8 plants m -2 ) lower than those in the water treatment. Spraying "Yuhuangjin" can reduce the leaf area of the colony, and it can also reduce the mutual shading between individuals within a group and improve the permeability of the group. The positive effects of the "Yuhuangjin" treatment are greater than the losses caused by the decreases in the leaf area. From the silking stage to the dough stage, LAI decreased by 3.75% (5 plants m -2 ), 6.47% (6 plants m -2 ), 7.14% (7 plants m -2 ) and 14.60% (8 plants m -2 ) compared to the water treatment. The aging process slows in the later stages. With the increase in density, the LAI of the group also increased. Increased densities also increased the supply levels of the source. The pre-control effect of "Yuhuangjin" on the leaf area of the group increased the permeability of the group and delayed the aging process of the leaf blades.
Chlorophyll is an important material in the photosynthesis process. Chlorophyll is involved in the absorption of light energy by a plant and the conversion process. The change in chlorophyll content can be reflected in the blades during the aging process. The chlorophyll content can also reflect the photosynthetic performance and is closely linked to the yield formation (Ma and Dwyer, 1998) . Increasing the planting density can decrease the chlorophyll contents of individual plant leaves in a group, and it can reduce the production capacity of single plants. The "Yuhuangjin" treatment increased the chlorophyll content of the leaves and increased the photosynthetic capacity of the leaves. The living environment of an individual plant worsens with the increase in the number of maize plants number per unit area. These density increases will result in the decrease of the net photosynthetic rate of the group. The results of the "Yuhuangjin" treatment in this experiment show that the net photosynthetic rate of the blades is improved by using "Yuhuangjin". The function time of the blade is extended, which created the conditions necessary for higher yields.
The light energy absorbed by the photosynthetic apparatus is mainly utilized in the following ways: to promote photochemical reactions, to dissipate in the form of heat energy and to emit in the form of fluorescence. These three paths are interrelated with each other. The fluorescence signals emitted by plant bodies contain rich photosynthetic information that can be used to predict crop yield potentials (Gong et al., 2006) . With the increase of densities, the relative chlorophyll content (SPAD) will decrease, and plant growth regulators can improve the chlorophyll content of maize leaves . This study shows that the SPAD value of the plants treated by "Yuhuangjin" increased at different degrees under different densities. The SPAD values in the "Yuhuangjin" treatment were 7.14% (5 plants m -2 ), 9.19% (6 plants m -2 ), 7.85% (7 plants m -2 ) and 8.77% (8 plants m -2 ) higher than those in the water treatment. By regulating the canopy structure of the group, "Yuhuangjin" reduced the shading of the plants and increased the light energy intercepted by the ear leaves. These conditions laid the foundation for the synthesis of chlorophyll. With the increase in density, the filling stage was reflected in the PSII center of the ear, while the qP and qN increased. A suitable planting density can help improve the apparent quantum efficiency of maize leaves, and it can increase the primary photochemical efficiency, PSII quantum yield, and photochemical quenching coefficient. A suitable planting density can also reduce the photochemical quenching coefficients of the blades (Yang et al., 2009 ). The chlorophyll fluorescence parameters of the "rod and three leaves" under the two strains showed a unique phenomenon. The "Yuhuangjin" treatment increased the photosynthetic capacity, and the actual quantum yield increased significantly (Xu et al., 2008) . With the increase in densities, the Fv/Fm, Y(II) and qP decreased, while the Y(NO) and qN increased in the water treatment. This result suggested that increasing planting density can lead to worse population canopy conditions and can lower the fluorescence yield. Spraying "Yuhuangjin" increased the Fv/Fm, Y(II) and qP, while it decreased the Y(NO) and qN. The "Yuhuangjin" treatment improved the maximum quantum yield, improved the ability of the leaves to adapt to strong light, reduced the chemical quenching parameters, enhanced the leaf physiological functions and improved the utilization of energy and the actual quantum yield of the blade. Compared with the water treatment, the "Yuhuangjin" treatment resulted in smaller decreases in Fv/Fm, Y(II) and qP, higher reductions in Y(NO), and reductions in the qN. Spraying "Yuhuangjin" delayed the senescence of the leaves and increased the duration of high photosynthetic efficiency, which laid the foundation for higher yields. The changes in http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1705_1071710730 © 2019, ALÖKI Kft., Budapest, Hungary the net photosynthetic rate and chlorophyll fluorescence parameters of the leaf blades showed a unique phenomenon. Increasing the planting density can reduce the photosynthetic capacity of individual plants in the population. Spraying "Yuhuangjin" can improve the photosynthetic capacity of individual plants.
Conclusion
In the water treatment, the LAI increased, and the SPAD value of the group decreased with the increase in density. The group yield first increased and then decreased. The maximum yield was 10618.44 kg ha -1 (7 plants m -2 ). The Pn decreased, and the chlorophyll fluorescence parameters Fv/Fm, Y(II) and qP decreased, while Y(NO) and qN increased. In the "Yuhuangjin" treatment, the LAI declined, the SPAD increased, the Pn increased, the chlorophyll fluorescence parameters Fv/Fm, Y(II) and qP increased, and the Y(NO) and qN decreased. The maximum yield was 11428.18 kg ha -1 (7 plants m -2 ). The "Yuhuangjin" treatment slowed the aging process of the leaves, improved the photosynthetic capacity of the leaves and increased production. In maize production, it is important to pay more attention on obtain high yields by increasing the planting density in Heilongjiang Province. We still have a lot of work to do to reveal the effects of plant density and plant growth regulators on the physiological and molecular levels of maize.
